Hypovirulence in Endothia parasitica is known to be associated with dsRNA. The characteristics of this cytoplasmically transmissible element suggest it might be viral in nature. Attempts to isolate viral particles indicate the presence of two particulate fractions in hypovirulent (HV) strains and a similar one in virulent (V) strains. Composition analyses of the fractions show these to be similar except that those from HV strains include dsRNA. Also present in these particles are carbohydrate, protein and chloroform-methanol-extractable substances. The protein composition is too low to indicate the presence of a capsid. The neutral sugars that are present (arabinose, mannose, galactose, glucose) in these particles are also present in the fungal cell wall. Silver-and ethidium bromide-stained polyacrylamide gels resolve several minor as well as the known major dsRNA components. These components are arbitrarily divided into four mol. wt. groups: 4-5 × 106 to 5.0 x 106, 1.2 × 106 to 1.5 × 106, 5.8 x 105 to 6.2 x 105 and <4.6 x 105. Not all segments are present at all times, although the phenotype of the culture is not affected. Proteins are not detectable in vesicles of HV strains, but six proteins are detectable from V strains by gel electrophoresis. Assays for P2p]UMP incorporation indicate the presence ofa RNA polymerase closely associated with the dsRNA. Our results suggest that the transmissible element responsible for hypovirulence is a naked dsRNA genome packaged within vesicles formed by the host.
INTRODUCTION
The American chestnut (Castanea dentata Borkh.) has been virtually eliminated from eastern hardwood forests through invasion of its vascular cambium by the fungus Endothia parasitica (Murr.) . Only vestiges of the chestnut still exist, surviving as sprouts from the roots of diseased trees. In Europe, the chestnut appears to have recovered from this devastating disease due to what Grente & Berthelay-Sauret (1978) termed 'exclusion' of the virulent (V) fungus by a hypovirulent (HV) strain. Recovery occurred, because not only did the HV strain arrest the spread of the V strain, but it was a/so able to convert the V to an HV strain by transmission of a cytoplasmic determinant through hyphal anastomosis (Grente & Sauret, 1969; Van Alfen et al., 1975) .
There is considerable evidence that the cytoplasmically transmissible determinant responsible for hypovirulence has dsRNA as its genome (Day et at., t977; Elliston, 1978; Anagnostakis & Day, 1979) . Most known mycoviruses have segmented dsRNA as their genome, similar to the dsRNA associated with HV strains (Lemke, 1979) . Viral particles, however, typical of those described from other dsRNA-containing fungi (Bozarth, 1979) have not yet been found in E. parasitica. Dodds (1980) reported the isolation of a particulate fraction from an HV strain that contained a large fraction of the total dsRNA in the fungal cell. He described the fraction as being composed of club-shaped membranous bodies. Using either equilibrium or rate-zonal density gradient centrifugation he was able to separate the crude particulate fraction into at least two poorly resolved fractions, each of which contained dsRNA. He also reported the presence of small numbers of membranous bodies in V strains of the fungus, but since these did not contain dsRNA and appeared to be very different in characteristics to those of HV strains, he considered the possibility that the dsRNA-containing particles are virus-like particles (VLPs). No further characterization of these particles has been reported (Dodds, 1980). Chmelo & Kaczmarczyk (1982) reported the isolation of membranous particles from a different HV strain of E. parasitica. They, likewise, did not characterize the purported VLP that they isolated.
Using the same HV strain as that used by Dodds (1980), and following his general procedures, we are able to isolate what we believe to be the same dsRNA-containing particles he described. We report here the characterization of these particles. We find that the particles are not VLPs but rather fungal vesicles that contain the dsRNA genome. This genome is not contained within a protein capsid, but is naked within the fungal vesicles. A RNA polymerase is found with the dsRNA. The vesicles from HV strains are significantly different from those of a genetically similar V strain, suggesting that the vesicles are affected by the dsRNA.
METHODS
Fungal strains. The strains of E. parasitica used in this study were obtained from the Connecticut Agricultural Experiment Station, New Haven, Conn., U.S.A. EP155 is an American virulent strain and contains no dsRNA. EP113 is a dsRNA-containing HV strain isolated in France. Strain EP713 is a conversion product ofEP113 and EPI55, is hypovirulent, and contains dsRNA.
Culture methods.
To obtain large quantities of mycelia, strains of E. parasitica were grown in 20-1itre carboys containing 161 of a liquid complete medium (Day et al., 1977) . lnocula from stock cultures were initially grown on agar plates of either a complete medium (Puhalla & Anagnostakis, 1971) or PDA mys: potato dextrose agar (Inolex) supplemented with Difco malt extract (7-5 g/l), Difco yeast extract (2.5 g/l), methionine (0.1 g/l), biotin (2 mg/l) and thiamine (2 rag/l). When mycelial growth almost covered the plates (7 days), the total contents of the plates were homogenized in distilled water and transferred to the carboys. Cultures were grown at 25 °C for 7 days and aerated by bubbling filtered air through the liquid medium.
Extraction and isolation of particulate components. Dodds" (1980) method for extracting particulate components was used except that the mycelia were disrupted by two additional methods. One method was to use a Braun cell homogenizer. The mycelia were ground 5 g at a time, in 20 ml 0.1 M-acetate buffer containing 20 g glass beads (0.45 to 0.50 ram). Another more convenient and less time-consuming procedure was also used in which all or part of the mycelia from a carboy could be disrupted at once. The mycelial pads were cut into small pieces, then quickly frozen in liquid nitrogen. The frozen pieces were then ground to a fine powder in a stainless steel blender jar. The powder was mixed with approximately 1 1 of 0.1 M-acetate buffer per 75 g wet weight mycelium and homogenized for 5 rain using a blender. To check whether these severe methods of mechanically breaking the hyphal cell wall were artificially creating the particles, mycelia were also treated enzymically. The cell wall was degraded by incubating 10 g (wet weight) ofmycelia in 90 ml 5 mM-phosphate buffer pH 5.5, 0.7 M-NaC1, 10 ml 3-glucuronidase and 1.5 g cellulase (Sigma) for 4 h at room temperature. After centrifugation at low speed (< 1000g) to remove the enzyme solution, the pellet was resuspended in 100 ml 0-1 M-sodium acetate buffer pH 5.0, filtered through Miracloth (Calbiochem), then left overnight at 4 °C. From this point on, the extract was treated the same as that obtained through mechanical homogenization, After differential centrifugation, particulate suspensions were further purified by CsCI equilibrium density gradient centrifugation (starting density 1-29 g/ml) in a Beckman SW41 rotor (30000 r.p.m., co: t = 2-47 × 10~-'). Gradients were monitored at 254 nm with an ISCO model UA-5 monitor and universal flow cell. One-half ml fractions were collected, and aliquots of each were taken for density measurements and agarose gel electrophoresis to determine presence of dsRNA. Peak fractions were pooled and fractionated again in CsC1 for further purification, if necessary, then dialysed against distilled water to remove the CsCI.
Extraction ~?{dsRNA. Double-stranded RNA was obtained from either crude or purified particles by extracting twice with red istilled phenol, once with phenol:chloroform (1:1) and once with chloroform:isoamyl alcohol (24:1). N aC1 was added to a final concentration of 0.1 M, if needed, to facilitate precipitation of the nucleic acid with 2.5 vol. 95 % ethanol. After precipitation at -20 °C overnight, the dsRNA was pelleted by centrifugation then resuspended in buffer.
Agarose gel electrophoresis. Electrophoresis was done on 1.5% ararose (Ultra Pure, Bethesda Research Laboratories) horizontal gels. The buffer was 40 mM-Tris, 20 raM-sodium acetate, 1 mM-disodium EDTA, pH 7-8. Particulate suspensions were diluted one-to-one in sample buffer (20 mM-Tris pH 9.0, 10% glycerol, 2% SDS, 0-005% bromophenol blue), then heated at 45 °C for 10 min to dissociate the nucleic acids before loading the gel. The gel was electrophoresed at 10 °C for 1-5 h at 5 mA/cm. After electrophoresis, gels were stained in ethidium bromide (5 ~tg/ml). Bands were identified by u.v. transillumination.
Polyacrylamide gel electrophoresis. Isolated particles and dsR N A were also electrophoresed on polyacrylamide gels. Two gel systems were used. For purified particles, as well as extracted dsRNA, 7.5 ~ discontinuous gels were used. Gels of 0.75 mm thickness were cast using a vertical slab unit and electrophoresed according to the procedures of Takemoto & Kao (1977) . The running buffer was 25 mM-Tris and 0.19 M-glycine, pH 8.3. Tank and gel buffers contained 0.1 ~ SDS. The solubilization buffer was 40 mM-Tris-HCl pH 8.0, 20~ glycerol, 3~ SDS. Samples containing approximately 10 ~tg protein or l0 lag dsR NA were either heated at 45 °C for t 0 rain (particles) or directly loaded onto the gel (extracted dsRNA) without heating. After electrophoresis the gel was first stained and visualized with ethidium bromide (5 ~g/ml) then fixed and stained with silver (Bio-Rad).
Double-stranded RNA was also electrophoresed on 5% polyacrylamide gels. Gel and running buffers were the same as that used in agarose gel electrophoresis. Gels were formed using a vertical slab electrophoresis unit (1.5 mm thick), or using glass tubes (6 mm inner diam.). Sample buffer was also the same as that used for agarose gel electrophoresis. Samples were electrophoresed at 4°C for either 4 or 16 h at 5 mA/cm or 5 mA/tube gel. Immediately after electrophoresis, gels were first stained and visualized with ethidium bromide (5 ~tg/ml) then fixed and stained with silver (Bio-Rad). For scanning at 260 nm, tube gels were first fixed in 1 M-acetic acid.
High molecular weight protein standards were obtained from Bio-Rad. Double-stranded RNA standards were provided courtesy of R. F. Bozarth (Indiana State University, Terre Haute, Ind., U.S.A.).
RNase treatment ~]dsRNA
Sensitivity of the dsRNA to RNase was determined by treating both intact vesicles and dsRNA extracted from vesicles with the enzyme. Approximately 30 ~tg of dsRNA in 100 ~tl HzO was incubated at 30 °C for 3 h. Samples were incubated with and without bovine pancreatic ribonuclease A (50 ~tg/ml) under no-and high-salt (0-3 M-NaCI) conditions. Those samples incubated with RNase were then extracted with phenol:chloroform (I :1) to remove the enzyme; those without salt were made to 0-3 M-NaCI to facilitate precipitation. All samples were precipitated with ethanol (2 vol.) at -20 °C. The pellet was washed twice with 80~o ethanol and the dsRNA was resuspended in sample buffer and analysed by 7.5 ~ discontinuous SDS-PAGE.
Determination o/particle composition. Purified particles from each of the pooled CsC1 density gradient peaks were assayed for protein content using the modified Lowry-SDS method (Markwell et al., 1978) . Carbohydrate content was determined using anthrone reagent (Spiro, 1966) . The protein and carbohydrate standards used were bovine serum albumin and glucose, respectively. To determine lipid content, the particulate suspension from each peak was dried under N 2 gas, then oven-dried at 90 °C for 24 h. The residue was weighed on a microbalance then extracted for 3 h with chloroform:methanol (3:t) to remove the lipids. After drying again, the change in dry weight of the particles was determined. Phosphorus pentoxide was used as a desiccant during the dry weight measurements.
Relative RNA content was determined by scanning polyacrylamide tube gels, 10 cm in length. The gels were formed and electrophoresed according to the methods described by Dodds (1980) . Sample from both peaks separated by buoyant density centrifugation were compared by scanning the gels at 280 nm (background absorbance at 254 nm was unacceptable) using a Beckman Du-8 Spectrophotometer. RNA concentration was calculated by estimating the area under the curve. An extinction coefficient of 20 was used (Maniatis et al., 1982) .
Preparation o/'cell walls. The fungal cell walls were prepared by steam hydrolysis of the pellet obtained after homogenizing the fungal mycelia. Following hydrolysis, the pellet was washed twice with I M-KCI and four times with double-distilled water. The cellular debris was allowed to settle, leaving primarily the hyphal cell walls floating, as confirmed by microscopic observation. An aliquot of the hyphal wall suspension was taken for analysis.
Gas-chromatographic analysis (GLC) ~[sugars.
The neutral sugar constituents of the carbohydrate component were determined by the alditol-acetate derivitization method (Jones & Albersheim, t972) . Samples were analysed on a Hewlett-Packard model 5830A gas chromatograph with nitrogen as the carrier gas. A 1.2 m glass column with an inner diameter of 2 mm and column packing of 3~ SP2340 on 100/120-mesh Supelcoport (Supelco) was used. After injection, oven temperature was held constant at 180 °C for 5 min. This was followed by an increase of 2 '~C/min to a constant temperature of 220 °C for an additional 5 min. The injector and detector temperatures were both 250 °C. A mixture of rhamnose, fucose, ribose, arabinose, xylose, mannose, galactose and glucose was used as a standard, and myoinositol constituted the internal standard.
Assayjbrpolymerase activity. Purified particles were treated following the methods of Bujarski et al. (1982) to extract polymerases. The particles were resuspended in 1 ml buffer A [50 mM-Tris-HCl pH 7.4, containing 10 mM-KCI, 1 mM-EDTA, 10 raM-magnesium acetate, 10 mM-dithiothreitol, 1°/dodecyl-/~-D-maltoside (CalbiochemBehring)] and incubated with shaking at 4°C for 2 h. After centrifugation at 100000 g for 30 min in a Beckman Ti50.2 rotor, the pellets were resuspended in 500 B1 of buffer A. The extract was further purified by layering onto a 40~ solution of sucrose prepared with buffer A containing 0.05 ~ (w/v) dodecyl-/~-D-maltoside. The samples were centrifuged at 17000 r.p.m, in a Beckman SW41 rotor and the pellets were resuspended in 1 ml of buffer B (50 mMTris HC1 pH 8.0, containing 10 mM-magnesium acetate, 10 mM-dithiothreitol, 0.5~ (w/v) dodecyl-/~-D-maltoside, and 1 mM each ATP, GTP and CTP). To assay for RNA polymerase activity, 40 BI of the enzyme extract was incubated for 30 min at 30 °C with 50 ~tg/ml aclinomycin D, 10 ~tl (approx. 10 pg) freshly isolated dsRN A and 8 ~tCi
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[c~-32p]UTP triethylammonium salt (sp. act. 630 Ci/mmol). A control using buffer B in place of the enzyme extracts was incubated in parallel. After incubation, samples of 40 ~tl were spotted onto trichloroacetic acid-saturated paper discs and washed and counted using the procedures described by Hardy et al. (1979) . Electron microscopy. The procedures used for obtaining micrographs of the membranous particles were the same as those used by Dodds (1980) .
RESULTS

Isolation of particulate fractions
To characterize the dsRNA-associated particles from E. parasitica, we used the methods described by Dodds (1980) for their isolation and purification. We felt it essential to ensure that these were the same particles Dodds reported finding. From all indications, we were able to isolate the same particle.
Average yield of mycelia per 16 1 culture fluid was 266 g wet weight; dry weight was approximately 15~ of that. Yields of particulate fractions varied considerably among the batches harvested. Profiles of CsCI gradients showed, however, that two membranous particulate fractions could be separated from HV strain EP713 by equilibrium density centrifugation (Fig. 1) . We found this to be the case whether the mycelia were disrupted by Braun homogenizing or by freezing and grinding in liquid nitrogen. Particles purified twice by equilibrium density centrifugation banded on broad peaks, ranging in densities from 1.19 to 1.22 g/ml for the first fraction (peak I) to 1.23 to 1.25 g/ml for the second (peak II). Dodds (1980) also noticed the broadness of these peaks which is typical of these particles. In fact, the particles were present throughout much of the gradient, irrespective of sample concentration.
Ultraviolet wavelength absorbance scans of peaks I and II were very simila r (Fig. 2) ; the profiles resembled those seen by Dodds (1980) . The only discernible difference between the profiles was the 260 nm/280 nm ratio, which, as Dodds (1980) pointed out, increased as the purity of the HV particulate fractions increased. Agarose gel electrophoresis of heat-dissociated particles indicated the presence of dsRNA in both peaks. Dodds (1980) probably did not observe dsRNA in peak I because the level in his particles was below that for detection. The presence of dsRNA in peak I has been confirmed using silver-stained polyacrylamide gels.
Our studies of this particle shows that it is not unique to HV strains of E. parasitica. Using the same procedures, particles showing the same u.v. wavelength absorbance scans were also isolated from a V strain. Dodds (1980) may not have observed the similar profiles between the V and HV strains if his concentration of particles was too low. This similarity in u.v. wavelength absorbance profiles suggests that the scans reflect surface properties of the particles rather than their content since no dsRNA was associated with the V particles.
Transmission electron micrographs also showed the similarity between particles from HV and V strains. The particles were pleiomorphic, varying in shapes from nearly spherical to elongate. The characteristic club shape described by Dodds (1980) was seen only when particles were purified by sucrose density centrifugation. As with Dodds' particles, ours purified by CsC1 density centrifugation were more elongate.
Composition of membranous particles
The analysis of particle composition showed a striking similarity between both HV particulate fractions purified by CsC1 centrifugation. The percentages by weight of protein, carbohydrate and lipid did not differ substantially between peak I and peak II ( Table 1 ). The major difference was the presence of 11 ~o RNA in peak II, which probably contributed to the increased density of this particle. This information was obtainable from tube gel scans. In such scans, peak I did not show detectable amounts of dsRNA. Ethidium bromide-stained gels, however, indicated the presence of dsRNA in both peaks. In fact, dsRNA was found throughout much of a density gradient, even when baseline separation between peaks I and II, such as shown in Fig. 1 , was obtained.
The major particle component in both HV and V strains was chloroform-methanolextractable, indicating the probable presence of lipids. The high lipid component percentage apparently contributed to the buoyancy of both types of particles. By composition, only about 52~ of the particle isolated from the V strain was chloroform-methanol-extractable; hence, these V particles were more dense than either fraction obtained from the HV strain. The protein content was not as we expected in the HV particles. The percentage composition, hence the protein-to-RNA ratio in peak II, was low (Table 1) , too low to indicate the presence of a viral protein capsid, nor were any proteins detected on silver-stained 7.5~ polyacrylamide gels. Particles from V strains, however, contained more protein and these were resolved by discontinuous SDS-PAGE. There were six different proteins associated with V particles, all less than 1.16 × l0 s mol. wt. (Fig. 3) .
A considerable quantity of carbohydrate was present; hence, we analysed the neutral sugar content to determine the nature of this component. Using the alditol acetate method (Jones & Albersheim, 1972) , we found the same sugars (arabinose, mannose, galactose and glucose) in each of the particles, although in quite different ratios ( Table 2 ). The same sugars were also found in the fungal cell wall (Table 2) . (Jones & Albersheim, 1972) . t Isolated using CsCI buoyant density centrifugation.
Characteristics of the dsRNA
Four groups of dsRNA molecules were consistently resolved on 5 ~ polyacrylamide gels (Fig.  4) . All four groups were the same in both peak I and II particles. The first group includes the largest and most heavily-staining dsRNA bands. The largest molecule was approximately 5.8 × 106 mol. wt. as determined using high tool. wt. dsRNA standards. Two other molecules in this group were 5.0 × 106 and 4.5 × 106 mol. wt. The 5.0 x 106 and 4.5 × 106 bands were not always detected on gels, whether stained with ethidium bromide or silver (Fig. 4b, d ). When present, the bands in group one were easily seen in ethidium bromide-stained gels and are probably the major bands referred to by Dodds (1980) . Three other bands were also detected in silver-stained gels, one between the 5-8 x 106 and 5.0 × 10 e mol. wt. bands and two others between 4.5 x 106 and 4.0 × 106. Between 4.5 x 106 and 1.5 × 106, many very minor bands were also seen, but these bands electrophoresed so closely together and were present in such low
Hm9
PcV Naked dsRNA associated with hypovirulence concentrations that we can only mention their presence in this paper. A second group consisted of two bands, one at approximately 1.5 × 106, the other at 1.2 x 106. These bands were also not seen consistently among subcultures. In some cases, both were present; in others, one or both (Fig. 4b) were missing. A third group is a pair of molecules which electrophoresed closely together at about 6.1 x 105. In this group, the larger band was sometimes not detected on gels. The smallest group consisted of two molecules which banded below the smallest standard we used (4.6 x 105); therefore, we do not have, as yet, an estimate of their size. The three groups of d s R N A components of mol. wt. less than 4.5 x 106 were present in quantities much less than the largest group since the smaller molecules were not easily visualized by ethidium bromide staining. All four groups were RNase-sensitive under low-but not high-salt conditions, indicating that they were probably dsRNA. RNase sensitivity tests also showed the d s R N A was protected by the membrane vesicles. Intact vesicles incubated with RNase in low-and high-salt conditions showed the full complement of d s R N A when electrophoresed on polyacrylamide gels. As mentioned previously, no d s R N A was detected in the particles isolated from V strains. This is the case whether the gels were stained in ethidium bromide or silver.
Enzymic methods.for isolation of particles
To test the possibility that the harsh procedures used to disrupt the cells were creating the membrane vesicles, we enzymically removed the cell walls and then lysed the protoplasts to extract the contents. The CsC1 gradients of these extracts yielded vesicles that were indistinguishable in density from those obtainable using the mechanical disruption methods. The u.v. wavelength scans of these vesicles produced results similar to those of vesicles obtainable by mechanical homogenization. Thus, we have no reason to suspect that the vesicles we characterized were artefacts of our cell disruption method. Evidence of polymerase activity
Particles from peak I and peak II of the HV strain were solubilized using the detergent, dodecyl-/%D-maltoside, to extract enzymes. The [32p]UMP was incorporated into a TCAprecipitable fraction only in the presence of the peak II enzyme extract (Table 3 ). There was less incorporation of 32p in reaction mixtures containing extracts from either peak I or the control where buffer B was added in place of the solubilized particles. The higher incorporation of radiolabel into the peak II fraction was reproducible in all nine experiments that were run.
DISCUSSION
Membranous particles can be isolated from E. parasitica using a standard procedure for isolating viruses. Two types of particles can be purified from equilibrium or rate-zonal density gradients, the denser one containing more dsRNA. A similar particle, totally lacking nucleic acid, can also be isolated from V strains.
The results of our study show that the two particles from the HV strain are very similar in percentage composition of protein and carbohydrate. The exception appears to be in dsRNA content which is higher in gel scans of peak II vesicles. This difference is probably due to a concentration problem since both ethidium bromide-and silver-stained gels show the presence of dsRNA with peak I and II vesicles. These vesicles are clearly heterogeneous as indicated by CsC1 density gradient centrifugation. Double-stranded RNA segmentation patterns are the same between peaks I and II. The dsRNA segments are always present in the same ratios from the top to the bottom of CsC1 gradients. Some segments are not always detectable but, when present, all fractions during vesicle purification contain constant ratios of the segments. We arbitrarily divided the segments into four groups. Of these four groups, only one has been previously reported in this strain of E.
parasitica (Dodds, 1980) . Dodds did report the presence of some minor bands in his gels that were visible when the major components were overloaded and after prolonged photographic exposure. We found that these smaller components are easily seen on silver-stained gels. As with the largest group of components, the minor groups show considerable variation in the components detected. In one group, detection varies from both bands being present, to one or both being absent. In other groups, only one band is absent on occasions. We do not observe any change in phenotype associated with the absence of any of the bands, which suggests that some of the segments may be redundant copies. RNase sensitivity tests show the minor components to have substantial double-stranded regions as with the major components. These same RNase sensitivity tests also show that the vesicles, when left intact, protect the dsRNA from ribonucleases. Even under low-salt conditions, the membrane-associated dsRNA is not degraded by RNase.
A notable feature of the HV particles is their low protein-to-nucleic acid ratio, clearly not enough protein to form a viral capsid (Bozarth, 1979) . They also contain substantial amounts of carbohydrate. Since the sugar content of the fungal cell wall is the same as that of the particles, they probably are derived from the host. The ratios of these sugars differ, but in mycelial fungi there can be considerable quantitative variation in cell wall polysaccharides during growth of the fungus and presumably the vesicles may contain precursors that would not necessarily reflect final cell wall ratios (Wessels & Sietsma, 1979) . It is significant that these sugars found in the cell wall are also the same sugars present in the particles.
The particles bear a striking resemblance to vesicles found in the Spitzenkorper region of the hyphal tips of fungi (Grove & Bracker, 1970; N ewhouse et al., 1983 a) . These vesicles are formed from the Golgi apparatus and can, like viruses, be isolated by differential and density centrifugation (Fevre & Rougier, 1981) . It is, therefore, probable that the particles we isolated are fungal vesicles. The fact that these particles occur in both HV and V strains, and the observation that the neutral sugars found in the particles are the same as those in the fungal cell wall strongly suggest that these particles are vesicles. The Golgi bodies are known to participate in concentrating and packaging secretory products involved in cell wall synthesis (Grove & Bracker, 1978 ; Taylor & Fuller, 1981) . Using histochemical stains, Newhouse et al. (t983b) reported the presence of RNA in vesicles associated with the Golgi apparatus in an HV strain of E. parasitica. They also reported morphological changes in vesicles of HV strains compared with V strains (Newhouse et al., 1983a) .
Particles from the V strain contain less chloroform-methanol-extractable material and more protein than those from the HV strain. This difference in lipid content may indicate a change in membrane composition of the fungus caused by the presence of dsRNA. The vesicles may have been formed, or at least modified, by the host as a reaction to the presence of dsRNA. It has been shown that animal viruses can cause large numbers of vesicular bodies to appear during infection (Grimley & Dempsey, 1980) . These vesicles may serve to separate the host translational system from dsRNA, which is known to inhibit protein synthesis in eukaryotes (Kaempfer et al., 1978 Rosen et al., 1981) . It is also possible that the vesicles may isolate the dsRNA from ribonucleases. Additionally, RNA polymerases are often membrane-bound (Bujarski et al., 1982) , and since the dsRNA found in E. parasitica is not encapsidated, the fungal vesicles may function as replication sites.
While the composition studies have shown that the membranous particles in E. parasitica are most likely fungal vesicles, the associated dsRNA resembles the genome of a typical mycovirus. The genome is segmented and falls within the size range of that found in many known mycoviruses (Buck, 1980) . In addition, the enzyme assay shows RNA polymerase activity associated with the dsRNA-containing vesicles. Studies are now underway to purify this enzyme and characterize its products. Our results thus far show that the particles have the capability to function as viruses. The dsRNA is unusual, however, in that it lacks a protective protein capsid. Since this hypovirulence agent can be transmitted through hyphal anastomosis, with the dsRNA never being released from the cell cytoplasm, a capsid may not be necessary. This unusual particle associated with hypovirulence in E. parasitica may be a defective virus that has become specialized within a fungal host. The ancestors of this defective virus presumably had capsids at one time. Similar particles may also be associated with other fungi (Lesemann & Koenig, 1977; Castanho et al., 1978; Van Zaayen, 1979) and have been described in higher plants (Grill & Garger, 1981) .
